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Abstract 
In 2008, the Australian Parliament passed legislation to establish a title system of access and property rights for 
geological storage of carbon dioxide in offshore waters. The new Act provides for petroleum titles and carbon 
dioxide storage titles to co-exist in the same area. A key concern for pre-existing title holders is the potential for 
adverse impacts on their resource investments. Where oil and gas, and greenhouse gas projects are proposed in the 
same area government policy encourages commercial agreements between the parties. In the absence of such 
agreements the Act allows for a significant risk of a significant adverse impact (SROSAI) test to be applied by the 
regulator to consider whether an activity in one title area could have a significant risk of a significant adverse impact 
on an activity carried out under the other title. The test is based on three core parameters: probability, economic 
impact and economic value of the operations. This paper discusses the objective basis for the SROSAI test, the 
regulations, the methodologies, the mathematical formulae, technical requirements, project scenarios and mitigation 
options.  
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1. Introduction  
A sound, guiding regulatory framework for carbon dioxide capture and geological storage (CCS) is 
required to underpin development and operation of industrial scale CCS projects. In Australia, CCS 
regulatory frameworks are developed on a nationally consistent basis under guiding principles endorsed 
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in 2005 by all Australian jurisdictions [1]. 
enable CCS activities in Commonwealth offshore waters has been developed by the Australian 
Government. Victoria, Queensland and South Australia have also developed CCS legislation to enable 
CCS activities in their jurisdictions. Legislation is currently being developed by New South Wales and 
Western Australia. 
 
Nomenclature  
Act is the Australian Offshore Petroleum and Greenhouse Gas Storage Act 2006 [2]  
GHG means a greenhouse gas substance which is composed overwhelmingly  of either carbon dioxide 
or one or more prescribed greenhouse gases, or a mixture of both [2].  
Pre-commencement title is a title which came into force before the Act came into force on 21 Nov 2008.  
RCM  the Responsible Commonwealth Minster holds the regulatory authority for GHG storage 
operations in offshore waters [1].  
Risk means the likelihood of a specific, undesired, event occurring within a specific period or in specified 
circumstances. A risk may be understood as a frequency or a probability [3]. 
SROSAI test is the significant risk of significant adverse impact test [2]. 
Total resource value of a petroleum resource is the expected future revenue stream taking into account 
the amount of petroleum projected to be recoverable, the projected production profile and projected 
petroleum prices.  The total resource value of a GHG storage operation is the expected future revenue 
stream from greenhouse gas injection taking into account the amount of GHG projected to be stored, the 
injection profile and projected carbon prices worked out as the present value [3]. 
 
2. Australian Government CCS legislation  
Throughout much of 2008, the Australian Parliament debated a series of bills to allow for geological 
storage of greenhouse gases (GHG) in offshore waters. This was done by way of amendments to the 
Commonwealth offshore petroleum legislation. Committees were established by both the Australian 
House of Representatives and the Senate to review the proposed legislation and to make 
recommendations for improvements to be made. The committees invited written submissions from the 
public and a series of public hearings were held.  
The House of Representatives published their findings and recommendations in Down Under: 
Greenhouse Gas Storage [4]. The House of Representatives committee noted that creating a balance 
between the needs of the oil and gas industry, and the GHG storage industry is critical to the success of 
the legislation and the future viability of both industries. Both activities are in the national interest, and 
House 
committee concluded that the best solution would be for the legislation to include mechanisms to 
encourage the co-existence of GHG storage and petroleum activities.  
Changes were made to the proposed legislation taking into account the recommendations of the 
committees. The Offshore Petroleum and Greenhouse Gas Act 2006 [2] received royal assent on 21 
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November 2008. The Act allows petroleum titles, and GHG titles to co-exist with overlapping titles while 
still protecting pre-commencement rights (i.e. before 21 November 2008) of existing petroleum title 
holders. Where oil and gas production, and GHG storage operations, are proposed in the same area, the 
Act encourages early commercial agreements between the two industries. In the absence of any such 
commercial agreements the Act specifies a test to determine whether activities under one title area would 
pose a significant risk of a significant adverse impact (SROSAI) on pre-existing rights and assets under 
the other title area. The SROSAI test is designed to protect the existing rights of the petroleum industry 
and provide investment certainty for carbon dioxide storage operators.  
The Act [2] states that the SROSAI test must take into account: 
a) the probability, or range of probabilities, of the occurrence of the adverse impact;  
b) the economic consequences of the adverse impact; 
c) the economic consequences of the adverse impact relative to the potential economic value of the 
operations. 
 
  
a) An increase in capital costs of the operations;  
b) An increase in the operating costs;  
c) A reduction in rate of recovery of petroleum; 
d) A reduction in the rate of injection of GHG; 
e) A reduction in the quantity of the petroleum that can be recovered; or  
f) A reduction in GHG that can be stored.  
 
The Act states that risk is not to be treated as significant, and adverse impact is not to be treated as 
-
storage operation, is less than the threshold amounts stated in the regulations.  
3. Regulations  
The regulations specify the procedures that must be followed when applying the SROSAI test. This 
transparency provides petroleum and GHG titleholders with certainty about the decision making process 
associated with the application of the test. The SROSAI test is applied, however, by the RCM, not by the 
applicant, and will draw on information from multiple sources. The Act provides the RCM with wide 
information gathering powers.  
The SROSAI specifies two thresholds. One threshold is the absolute impact cost and the other 
threshold is the relative impact cost (i.e. the cost of the impact relative to the value of the resource). The 
thresholds are quantified to ensure certainty and consistency in the determinations and to provide an 
objective basis for the SROSAI test. The regulations apply two formulas to calculate the threshold 
amounts.  
 
Probability-weighted absolute impact  =  event probability x event absolute value                             (1)  
 
Probability-weighted relative impact  =  event probability x event absolute value  
                                                                                  Total resource value                                             (2)  
 
The absolute impact threshold is designed to protect the interests of large projects and the relative 
impact threshold protects the interests of small projects. The process to arrive at the thresholds in the 
SROSAI involved extensive stakeholder consultations including workshops and submissions over a 
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period of two years. The regulations settled on an absolute threshold amount of $5 million Australian and 
a relative threshold amount of 0.0015 of the resource value. If either impact cost exceeds its relevant 
threshold amount then a significant risk of significant adverse impact would be deemed to exist. Costs are 
discounted on an annualized basis from the impact year to the base year of 2010. Standard statistical 
techniques would be used in the case of multiple probabilities.  
Safety and environmental impacts would be considered in estimating costs, only if those impacts would 
contribute to an increase in capital or operating costs, or reduction in oil and gas recovery or GHG 
injected. There is also a process for the parties to appeal the decision of the regulator.  
4. Application of the significant impact test  
The SROSAI test was developed as an objective methodology to protect investment. While it can 
apply in a number of circumstances, it is expected that its major application will be in relation to the 
potential impact of GHG storage activities on petroleum production under petroleum titles granted before 
the legislation came into force. In many cases, it is likely that relatively simple studies will satisfy the 
regulator as to whether or not operations within the two titles can co-exist.  In these instances, there 
would be no need to work through the detailed procedures set out in the test for the regulator to be 
  
The regulator 
be made. An expert advisory committee may be convened to advise the regulator through the assessment 
process. Basic technical information required to model the impact of GHG storage operations on 
petroleum production includes: 
1) Geological information about the storage site and region, such as formation depths, thicknesses, 
lithology, permeability, and structure etc. 
2) Natural CO2 content of the storage and production formations.  Baseline physical and chemical 
condition of the storage formations e.g. pressure, temperature and chemistry of the formation fluids.  
3) Proposed separation distance between the production facilities and CO2 injection operations.  
4) Projected operational profiles of both the petroleum production and GHG storage activities.  
4.1. Modeling  
Preliminary scenario modeling indicated that the most likely event to fail the SROSAI test would be 
for CO2 from a GHG storage operation to contaminate a petroleum production stream. The likelihood of 
an adverse impact will depend on the separation distance between the two operations, the type of 
intervening geology and the timing of the two operations. Detailed reservoir and economic modeling will 
need to be undertaken to address questions such as: 
1) What would be the impact of increased formation pressure (resulting from GHG injection) on the 
petroleum production stream for each production year? 
2) At what rate could CO2 migrate from the injections wells to the producing wells and how could this 
change over time?  
3) What quantity of CO2 could potentially reach the production stream during each year of production?  
4) What would be the economic impact if the petroleum production stream became contaminated? 
5) What are the mitigation options if CO2 contaminated the production stream?  
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4.2. Scenarios 
Further scenario modeling was conducted to see how the SROSAI test would apply to a range of 
interactions between GHG storage operations and petroleum production. Figure 1 shows existing
petroleum production on the left producing from formation Y and proposed GHG storage operations
downdip to the right. Formations X and Z are potential storage formations separated from formation Y by
intervening sealing formations. Legacy wells (Plugged and Abandoned) are shown penetrating one or 
more of the potential storage formations. Using production formation Y as the reference level, there are
only three fundamental storage choices. Either CO2 is injected into an overlying formation X, (e.g.
Sleipner in the North Sea), or into the same formation Y (e.g. In Salah, Algeria), or into a deeper 
formation Z (e.g. Snovit, Barents Sea, and Gorgon Project, north western Australia). Each injection 
option has a fundamentally different risk profile.
Fig. 1. Simulation modeling and scenarios
The authors conducted a modeling exercise to see how the SROSAI test would apply to each of these
basic storage scenarios by determining the probability of injected CO2 reaching the petroleum pool during 
the operating life of the petroleum field. Variables that were modeled included: rate of horizontal
movement of CO2 through the storage formation, rate of vertical movement through the seal and the time
to corrode casing in production wells. Table 1 shows the key risk factors and values modeled. Migration 
rates are based on published monitoring results from existing or proposed CO2 storage projects. Costs
were derived from a randomized database of Australian projects. Leakage to the ocean through legacy
wells or faults was not a consideration for the SROSAI test as it would have no significant impact on the
economics of petroleum production. Such serious considerations are dealt with elsewhere in the
legislation and regulations.
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Table 1. Key risk factors and values
Scenarios X Y Y
Horizontal distance between projects 10 kms 10 kms 10 kms 
Vertical separation (seal thickness) not applicable not applicable 10 m
Rate of horizontal movement of CO2 0.25 km/year 0.5 km/year 0.1 km/year 
Rate of vertical migration through seal not applicable not applicable 0.1 m/year 
Time to corrode casing 10 years not applicable not applicable 
Fig. 2. Timing of events in relation to total resource value
Economic modeling indicated that any anthropogenic CO2 contamination of the production stream will
fail the SROSAI test. The timing of the impact in relation to the production life of the petroleum field is
therefore critical in determining whether CO2 injection has a significant adverse impact on the petroleum 
production operations. Figure 2 shows a typical petroleum production profile which we assumed to be 38
years. CO2 injection commences at the same time that petroleum production begins. This is a worst case
assumption for determining impact of CO2 injection on petroleum production. In most cases petroleum 
production will be well advanced and closer to the end of its production profile. The modeling exercise 
did not consider the impact of increased pressure on the production stream.
Figure 3 shows the results of the modeling in terms of the probability of impact from start of injection 
and production operations based on the modeling assumptions in Table 1. Scenario Y has the highest risk 
rel . The migration rates for the CO2 plume te into
a time lag between CO2 injection and CO2 impact which surpasses the project life of the petroleum field
with a high level of confidence. Even with fast migration rates of greater than 1 km per year it would take
Scenario X and Z greater than 50 years to impact the petroleum reservoir with a high level of confidence.
This is due to the significant time required to either break through the cement casing of a petroleum well
[Scenario X] or for CO2 to migrate upwards through the overlying seal [Scenario Z]. The SROSAI test 
may be overstating the effects of CO2 storage in Scenario Y. However, if rates were underestimated in a
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real operation then the impacts could be large. The key concern is that CO2 impacts could occur during
the prime years of a petroleum field operation therefore exacerbating any revenue or cost implications.
The SROSAI Test implicitly accounts for these potentially large downside risks.  Only at a high level of 
confidence can the test be passed.
Fig. 3. Probability of impact vs time from CO2 storage commencement
5. Conclusions 
The basic policy objective of the SROSAI test is to provide protection for the pre-existing rights of 
petroleum title holders, without unreasonably precluding development of GHG operations in the vicinity.
The SROSAI test would only be applied if the parties were not able to reach satisfactory commercial
agreements between themselves.
The risk that CO2 storage operations will have a significant adverse impact on oil and gas production 
could be reduced by delaying the start of CO2 injection; by exceeding minimum horizontal or vertical 
separation between the injection wells and the production wells; and by limiting the quantity of CO2
injected before a given year.
There will be greater scrutiny of proposals to undertake GHG storage operations close to existing
resource facilities, and an expectation for a greater level of certainty in the technical data and modeling
than would be the case for GHG storage operations that are more remote. The SROSAI test therefore has
implications for the quality of technical information that will be required to understand the behavior of 
CO2 plume movements. 
Event probability is a key variable for both the SROSAI test and for risk analysis within the site plan.
Further study and research should be undertaken to reduce the uncertainties associated with modeling
plume behavior. Methodologies should be advanced and standardized for determining the probabilities
and uncertainties associated with estimating and predicting plume movements, their magnitude, velocity
and direction, as a function of time.
The objectives, principles and methodologies developed for the SROSAI test set a precedent for 
management of subsurface interactions between GHG storage operations and oil and gas facilities. The
test also may find broader applications for interactions between other subsurface operations including
groundwater and geothermal.
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